Background: Percutaneous coronary intervention (PCI) through transradial approach (TRA) has shown to be safe and effective as transfemoral approach (TFA) among unselected patients. However, very few studies have compared the outcomes between TRA and TFA specifically in patients with a history of coronary artery bypass grafting surgery (CABG). Methods: A total of 404 post-CABG patients who had undergone angiography or PCI were included in the study. The primary endpoint was defined as angiographic success and procedure success. The secondary endpoint was defined as in-hospital net adverse clinical events (NACEs), which included all cause of death, myocardial infarction (MI), stroke, repeat revascularization, and major bleeding. Patients were followed-up for 1-year. Major adverse cardiovascular events (MACEs), which included death, MI, and repeat revascularization, at 1-year follow-up were also compared. Results: The angiographic success was reached by 97.4% in the TRA group compared with 100% in the TFA group (P = 0.02). The procedure success was achieved in 99.1% in the TRA group and 97.9% in the TFA group (P = 0.68). The incidence rates of in-hospital NACE (2.7% vs. 2.7%, P = 1.00) and 1-year MACE (11.5% vs. 12.0%, P = 0.88) were similar between TRA and TFA. Meanwhile, TRA was associated with a lower rate of Bleeding Academic Research Consortium ≥2 bleeding (P = 0.02). In patients undergoing graft PCI, the procedure success was similar between TRA and TFA (100.0% vs. 98.7%, P = 1.00). The procedure time (25.0 min vs. 27.5 min, P = 0.53) was also similar. No significant difference was detected between TRA and TFA in terms of in-hospital NACE (0 vs. 0, P = 1.00) and 1-year MACE (21.4% vs. 10.3%, P = 0.19). Conclusions: Compared with TFA, TRA had lower angiographic success but had a similar procedure success in post-CABG patients. TRA was also associated with decreased bleeding and shortened hospital stay. this study compared the feasibility and safety of TRA for CABG vessels with TFA. 
IntRoductIon
Transradial approach (TRA) percutaneous coronary intervention (PCI) is widely used in many countries because of its great superiorities, [1] such as easy hemostasis, early ambulation, and better recovery. Compared with the transfemoral approach (TFA), the rates of access site complications and access site-related major bleeding are lower with TRA. In addition, the decreased rate of bleeding would transform into better survival in certain high-risk patients. [2] People with histories of coronary artery bypass grafting (CABG) surgery usually have severe atherosclerosis and complex lesions, and also at higher risk of adverse cardiovascular events. The femoral route provides enough space and great backups for the catheterizations of the grafts. However, recent studies showed that finishing the angiography and the intervention of the grafts is feasible through the radial route. [3] Given the limited knowledge about the procedure and clinical outcomes between TRA and TFA in post-CABG patients,
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this study compared the feasibility and safety of TRA for CABG vessels with TFA.
Methods

Patient selection and data collection
From June 1, 2006 to April 30, 2011, 404 post-CABG patients who had undergone PCI with stent implantation (either in the native vessel or the graft) were included in the study. Data were analyzed based on retrospective extraction. Patient baseline characteristics and clinical outcomes were extracted from the medical records. Patient procedure outcomes were collected from the digital database of the catheter laboratory. The study protocol was approved by the Ethics Committee of FuWai Hospital. Patient information was de-identified prior to analysis.
Antiplatelet and anticoagulation treatment
Aspirin and clopidogrel were pretreated before the procedure. Exactly 300 mg of aspirin and 300 mg of clopidogrel were loaded if patients did not take the drugs consecutively for 7 days. Loading dose of heparin based on weight (100 IU/kg) was administrated intravenously at the start of the procedure, and low-molecular-weight heparin as well as glycoprotein (GP) IIb/IIIa inhibitor was used at the doctor's discretion. A sustained dual antiplatelet therapy was prescribed for at least 1-year for patient receiving drug-eluting stents (DESs) and for 1-month for patients receiving bare metal stents.
Route selection and hemostasis
All the interventions were performed by experienced doctors who had rich expertise and techniques both in TRA and TFA. The selection of the route was at the doctor's discretion. Allen's test was routinely checked before doctor's decision, and patients with failed Allen's test or weak radial pulse were assigned to the TFA group. The hemostasis method for the TRA was relatively easier compared with that of TFA. A plastic clamp was placed over the puncture site, and patients could ambulate right after the procedure. However, the puncture site should be wrapped with a bandage and compressed with sandbag with TFA. Patients need to stay in bed for at least 1 day.
Endpoint definitions and follow-up checkups
The primary endpoint was defined as angiographic success and procedure success. The secondary endpoint was defined as in-hospital net adverse clinical events (NACEs) and 1-year major adverse cardiovascular events (MACEs). NACE was a composite endpoint of all cause death, myocardial infarction (MI), stroke, repeat revascularization, and major bleeding. In addition, MACE was a composite of death, MI and repeat revascularization. Angiographic success was defined as the successful angiography of the native artery and graft. Procedure success referred to the successful intervention of the target lesions with residual stenosis <30% by visual estimation. MI was defined as new onset of chest pain accompanied with an elevation of troponin I more than 3 times the 99 th percentile upper reference limit.
Stroke was diagnosed by computed tomography scans. Bleeding was defined using "Bleeding Academic Research Consortium (BARC)" definitions. [4] Major bleeding referred to bleeding meeting BARC ≥3 grade and was distinguished as either access site related or nonaccess site related. Vascular complications included large hematoma, arteriovenous fistula, pseudo aneurysm, and retroperitoneal hematoma. Follow-up checkups were performed at 6 months and 1-year by telephone. The occurrence of death was determined by the death certificate from the police office, and the occurrence of MI or repeat revascularization was determined by the diagnosis certificate from the treating hospital.
Statistics
Continuous variables were expressed as mean values ± standard deviation, and compared with Student's t-test. Categorical variables were shown as frequencies and proportions, and compared with Chi-square test or Fisher's exact test. The 1-year cumulative incidence of MACE was estimated by Kaplan-Meier curves and compared with log-rank test. Cox proportional hazards model was performed to determine the predictors of major adverse outcomes. The variables included in the model were as follows: Age, gender, prior MI, prior PCI, prior stroke, diabetes mellitus, hypertension, hyperlipidemia, peri-procedure medication, hemoglobin, sheath size, coronary angiography, use of intra-aortic balloon pump, left ventricle ejection fraction (LVEF), thrombolysis in MI (TIMI) flow after PCI, DES, total length of stent, and mean diameter of stent. Data were analyzed in the SAS software, version 9.13 (SAS Institute, USA). A two-sided P < 0.05 indicated statistical significance.
Results
Baseline characteristics
A total of 404 post-CABG patients were included in the analysis. A total of 113 patients (28%) had TRA PCI, and the rest (72%) had TFA PCI. The baseline characteristics are shown in Table 1 . No significant difference was detected with regard to age, gender, prior MI, prior PCI, and diabetes between TRA and TFA. However, patients in the TRA group had a higher rate of hypertension and hyperlipidemia (P < 0.05). Patients' indications for PCI were similar between TRA and TFA. The mean value of LVEF and the use of peri-procedure medication were also similar.
Angiographic characteristics and procedure outcomes
Angiographic characteristics and procedure outcomes are shown in Table 2 . No significant difference was found in terms of the mean number, type or severity of the atherosclerosis of the grafts between the TRA and TFA group. Meanwhile, the proportion of the native vessel PCI, graft PCI, or both were similar between the TRA and TFA groups. The mean TIMI flows before and after the procedure was similar between TRA and TFA. DES was used in more than 90% in both groups. The mean diameter of the stents was larger in the TRA group, but no significant difference was detected with regard to the mean number and total length of stents for each patient.
Clinical outcomes
Angiographic success was higher in the TFA group (100% vs. 97.4%, P = 0.02). Three patients (2.6%) had been transferred to the TFA group because of failed catheterization: One was due to the spasm of the radial artery, two were due to the tortuosities of the upper arms. No patient was transferred to the TRA group from the TFA group. Procedure success was similar between the TRA group and the TFA group (99.1% vs. 97.9%, P = 0.68). The incidence rates of in-hospital NACE (2.7% vs. 2.7%, P = 1.00) were similar between the TRA group and the TFA group. One-year rates of MACE (11.5% vs. 12.0%, P = 0.88) were also similar. Patients in the TRA group had a shortened postprocedure stay (3 (2-4) days vs. 3 (2-5) days, P = 0.03). The detailed outcomes are shown in Table 3 . The Kaplan-Meier curves of 1-year MACE are shown in Figure 1 .
A total of 28 (24.8%) patients in the TRA group and 78 (26.8%) patients in the TFA group underwent graft intervention. Major outcomes of TRA and TFA for patients undergoing graft intervention are shown in Table 4 . The procedure success was similar between TRA and TFA (100% vs. 98.7%, P = 1.00). The procedure time (25 (16-39) minutes vs. 27.5 (15-40) minutes, P = 0.53) and access site complications (7.1% vs. 7.7%, P = 1.00) were also similar. No significant difference was detected between TRA and TFA in terms of in-hospital NACE (0 vs. 0, P = 1.00) and 1-year MACE (21.4% vs. 10.3%, P = 0.19) in these patients.
Access site complications occurred more in the TFA group than in the TRA group, although the difference did not reach statistical significance (11.0% vs. 7.1%, P = 0.22).
Severe complications, such as arteriovenous fistula, pseudo aneurysm, and retroperitoneal hematoma, were found only in the TFA group. BACR ≥2 grade bleeding was significantly higher in the TFA group (18.6% vs. 8.8%, P = 0.012), and access site-related bleeding was more frequently found in the TFA group (7.1% vs. 13.7%, P = 0.052). Cox proportional hazards model showed that the TFA was an independent predictor of BARC ≥2 bleeding (heart rate: 2.41, 95% confidence interval: 1.14-5.10) [ Table 5 ].
dIscussIon
The main findings of this study showed that in patients with histories of CABG, TRA is feasible and effective in the angiography and intervention. The short-and medium-term outcomes are comparable between TRA and TFA, except that TRA is associated with a lower rate of access site related bleeding and a shortened postprocedure stay.
Patients with a history of CABG usually have severe coronary lesions and are at high risk of cardiovascular events. Although the graft works well right after the bypass surgery, the long-term patency of the graft raises concerns. Saphenous patients undergoing SVG PCI. [11, 12] . Consistent with these results, the present study showed similar procedure success and short-term clinical outcomes between TRA and TFA. Our study was also the first to report the 1-year outcomes between the two groups, whereas no difference was detected in those patients undergoing angiography or PCI.
Access site-related bleeding accounts for approximately 50%-80% of all major bleeding events in patients undergoing PCI. [13] A recently published meta-analysis showed that the introduction of TRA decreased the risk of access site related bleeding by 73%. [14] This reduction could lead to better patient outcomes. [15, 16] More BARC 2 bleeding was detected in the TFA group than in the TRA group, indicating the benefit of TRA in reducing nuisance bleeding, even under the frequent use of GP IIb/IIIa inhibitors. [17] vein graft (SVG) and the internal mammary artery (IMA) are estimated to block up again within 10 years in 40% and 15% of the post-CABG patients, respectively. [5] A second CABG surgery was not suggested because of the serious chest tissue adhesion and the increased risk of death after the surgery. [6] However, PCI was still effective in treating occluded grafts.
Transradial approach PCI has been increasingly used since its first successful application in 1993 [7] not only because of the easier puncturing and hemostasis, but also for the better survival rate in certain patients. [8, 9] Han et al. found similar rates of short-term major adverse cardiac and cerebrovascular events between TRA and TFA (1.5% vs. 5.4%, P = 0.479) in post-CABG patients undergoing angiography or PCI. The rates of access site complications were also similar between TRA and TFA (7.1% vs. 11.0%, P = 0.22). However, severe complications occurred only in the TFA group, and two of them led to transfusion with great cost. The postprocedure stay was shortened by almost 1-day in the TRA group compared with that in the TFA group, which is attributed to patients' earlier ambulation. One concern about TRA is the crossover rate. However, Sanmartin et al. showed similar crossover rates between TRA and TFA (4.0% vs. 1.3%, P = 0.28) in post-CABG patients. [18] In addition, only three patients (2.6%) had transferred from TRA to TFA in the present study.
Some researchers have concerns regarding the complete getting through or the backups of the catheters in the angiography or the intervention of the grafts with TRA. If the graft was left IMA, the radial artery approach through the right hand may be difficult because of the multiple angulations in the route and the absence of adequate support. However, with the development of catheters, experienced doctors can conquer the obstacles. Through proper seating, and adequate guide support, the angiography or the intervention of the graft is feasible. Cha et al., Valsecchi and Vassileva both reported the feasibility of the right hand TRA for the angiography of the left IMA. [19, 20] Meanwhile, we observed a high rate of angiographic success and procedure success with right-hand TRA for the left IMAs.
The retrospective design was the natural weakness of our study. The selection of the route was not randomized but at the doctor's discretion, which may result in selection bias. However, most of the patients' baseline characteristics were similar between the TRA and TFA groups, and a multivariable regression analysis was performed to adjust for potential confounders. All the PCIs were conducted only in one hospital, which may restrict the extrapolation of the result to the general condition. Considering that all the interventionists had great expertise on TRA, in the present study, further investigation is needed to determine the performance success for TRA beginners.
In conclusion, transradial approach PCI showed great feasibility and safety in patients with histories of CABG. The procedure success was similar between TRA and TFA. However, TRA was associated with a lower rate of severe vascular complications and access site-related bleeding. 
